We describe homosexual pairing and spermatophore transfer from the calanoid copepod Pseudodiaptomus annandalei. The sexually dimorphic right first antenna of a male clasped another male's caudal setae followed by grasping of the urosome by the fifth swimming leg (P5). The P5 transfered the spermatophore. The observation of spermatophore transfer between males is discussed in the light of copepod reproductive biology.
INTRODUCTION
Animal sexual behavior takes many different forms: monogamy, promiscuity, sex between species, sexual arousal from objects or places, rape, copulation with dead animals, homosexual, heterosexual and bisexual behavior and a range of other practices in animals. Homosexual behavior has been observed among more than 1000 animal species (Bagemihl, 1999) . Invertebrates are understudied in this respect. As for Copepoda, there is anecdotal mentioning of same-gender-mating, e.g., of spermatophore placement by males on males by Katona (1973) , Griffiths and Frost (1976) , Blades (1977) , Uchima and Murano (1988) , and Doall et al. (1998) . However, no one has recorded a detailed description of homosexual pairing from Copepoda now.
MATERIAL AND METHODS
We mass cultured Pseudodiaptomus annandalei Sewell, 1919 in acrylic tanks at temperatures of 25 ; 308C, salinities of 10 ; 20 psu, minor air bubbling, and with light. The microalga Isochrysis galbana grown on F/2 medium was offered as food (Cheng et al., 2002) . For the observation of mating behavior specimens were pipetted into crystallization dishes and observed by a Nikon fluorescence microscope. A SONY DCR-PC350 DV was used for digital video recording, and separate photographs were taken for the documentation provided herein.
RESULTS AND DISCUSSION
The encounter and pairing pattern in homosexual mating of Pseudodiaptomus annandalei is similar to that observed in bisexual pairs of the same species (see Jacoby and Youngbluth, 1983) . As in other Calanoida, both partners move about with the ventral surfaces facing each other, but the spermatophore is transferred to the second pleomere of a second male rather than a female. As in heterosexual encounters, the male clings with its geniculate right first antenna to usually the left caudal seta of the caudal rami of the receptive male mating partner until the dominant male has succeeded in grasping the urosome of the other male with its P5 swimming legs (Fig. 1A) , subsequently transfering a spermatophore (Fig. 1B, C) to the second urosomal somite of the male partner. Spermatophore placement is swift (Fig. 1D, E) , and we only observed it occasionally in our cultures. Spermatophore transfer in other calanoids is described in detail by Blades and Youngbluth (1979) and Snell and Carmona (1994) .
As in bisexual matings (see Dahms and Schminke, 1993) , the receptive male, which swims in front, provides most of the propulsive locomotion, whereas the clasping male follows without propulsive movements. The couple performs several rapid jumps and they either slowly sink to the bottom, or hold onto the glass container walls motionless. Occasionally, the partner in front creates a feeding current with its mouth parts that causes the mating pair to move in slow spinning spirals.
We observed this homosexual behavior only in the laboratory. Most behavioral observations of small invertebrates such as copepods are made in the laboratory with the concomitant shortcomings brought about by restricted space, artificial conditions for light and temperature, or non-representative sex ratios. We tried to keep the conditions as natural as possible maintaining the animals at low densities and at a balanced gender ratio. We assume, therefore, that homosexual mating of P. annandalei can take place in nature as well.
Since one cannot envision enhancement of reproductive success-and ultimately of fitness-involved in homosexual pairing, possible explanations for this behavior are warranted. One could speculate about getting rid of excess spermatophores in times of spermatophore overproduction or the shortage of receptive females. One also could postulate a chemosensory explanation for homosexual pairing. In the pursuit of a mating partner, adult male calanoids show distinctive, sex-specific patterns of swimming that appear to represent mate search or premating behavior evoked either by chemical trail substances, or pheromones left from recently molted adult females (Katona, 1973) . Evidence exists that planktonic calanoids likely utilize chemoreception in the pursuit of mating partners (Bagøien and Kiørboe, 2005; Dahms and Qian, 2006) . In both sexes, the first antenna supports numerous aesthetascs whose ultrastructure conforms to that of a chemoreceptor, and aesthetascs are dimorphic being much larger and more numerous on males than on females. The males of planktonic copepods show either doubling, or enlargement of aesthetascs (Boxshall, 1998) . For example, males of Temora longicornis (Müller, 1785) can track trails from female that are up to 10 seconds old and 60 body lengths away Weissburg et al. (1998) regard this unique ability as dependent upon the persistence of chemical signals stabilized in low Reynolds number regimes. Persistence would particularly be enhanced when chemicals becoome surface-bound (Ting et al., 2000) ; thus dense cultures of P. annandalei that include female pheromones could impart a similar odor to the surface of all individuals, including males, which in turn would become attractive to other males. Further, more rigorously-conducted experiments might confirm these speculations.
